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in vitro and in vive genotoxicity tests indicate methanol (MeCOH) is not mutagenic, but carcinogenic potential
has been claimed in one controversial long-term rodent cancer bioassay that has not been replicated. To
determine whether MeOH could indirectly damage DNA via reactive oxygen species (ROS)-mediated
mechanisms, we treated male (D-1 mice, New Zealand white rabbits and cynomolgus monkeys with MeOH
(20¢/kg ip) and Gh later assessed oxidative damage to DNA, measured as 8-ox0-2/-deoxyguanosing
{(8-ox0dG) by HPLC with electrochemical detection, We found no MeOH-dependent increases in 8-oxodG in
tung, liver or kidney of any species. Chronic treatment of CD-1 mice with MeOH {2.0 g/kg ip) daily for 15 days
also did not increase 8-oxodG levels in these organs. These results were corroborated in DNA repair-deficient
oxoguanine glycosylase 1 {Ogg?) knockout {KO) mice, which accumulated B-oxodG in lung. kidney and liver
with age, but exhibited no increase following MeOH, despite a 2-fold increase in renal 8-oxodG in Ogg! KO
mice following treatment with a ROS-initiating positive control, the renal carcinogen potassium bromate
(KBrOs; 100 mg/kg ip). These observations suggest that MeOH exposure does not promote the accumulation
of oxidatively damaged DNA in lung, kidney or liver, and that environmental exposure to MeOH is unlikely 1o
initiate carcinogenesis in these organs by DINA oxidation.

© 2010 Elsevier Inc. All rights reserved.

Introduction

The carcinogenic potential of MeOH in humans remains unclear
because there are no data available in human populations, and the
limited data from long-term rodent cancer biocassays have reported
conflicting resules (NEDO, 1985a.b; Soffrittiet al, 2002). In addition, due
in part to the absence of an established animal model for MeOH
carcinogenesis, there have been no studies demonstrating a molecular
mechanism. At the Mitsubishi Kasei Institute for Toxicelogical and
Environmental Sciences, Tokyo, Japan, the Japanese New Energy
Development Organization { NEDD) conducted inhalation carcinogenic-
ity studies in rats, mice and monkeys {NEDD, 19854,b). No statistically
significant methanel-related carcinogenic responses were seen in these
studies; however, there was suggestive evidence of a potential increase

Abbreviations: MeOH, methanol; ROS, reactive oxygen species; 8-oxodG, 8-oxo-2/-
deoxyguanosine: 8-oxoG, 8-oxoguanine; OGGE, oxoguanine glycasylase 1; KBRGs,
potassiurn bromate; KO, knockout; POBN, alpha-(4-pyridyl-1-oxide)-N-tert-butylnitrone;
NEDQ, New Energy Development Organization {of Japan).

A preliminary report of this research was presented at the 2010 annual meeting of
the Society of Toxicology (SOT) (US.AL) [Toxicological Sciences {Supplement: The
Toxicotogist) 114{1): 150 {No. 708}, 2010].
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in proliferative response in male rat lung. In contrast to the NEDO
findings, treatment-related lymphohematoreticular neoplasms in Spra-
gue-Dawley rats receiving methanol in drinking water were observed
in studies conducted by the European Ramazzini Foundation for
Oncology and Environmental Sciences (Soffritti ot al, 2002). The
validity of this study has been questioned based on the potential
confounding influence of Mycoplasma pulmonis lung infection in the rats
that were not specific pathogen-free, and the high background
sensitivity to lymphoma in the study (EFSA, 2006; Cruzan, 2009
EFSA, 2009; Schoeb et al, 2008}, The U.S, Environmental Protection
Agency (EPA) has placed on hold its Integrated Risk Information Systemn
(IRI5) chemical carcinogenicity and toxicity assessment of MeOH based
on recommendations of the U.S. National Toxicology Program {INTP)
that further pathology reviews were needed to confirm the diagnoses of
certain cancers reported in the Ramazzini Institute study.

One potential mechanism whereby MeOH could initiate carcino-
genesis is via reactive oxygen species {(ROS}-mediated oxidative
damage to DNA MeOH could initiate ROS formation directly via a
free radical intermediate, or possibly indirectly through mechanisms
like the activation and/or enhancement of ROS-producing NADPH
oxidases, which has been reported for ethanol (Dong et al, 2010). A
number of studies have reported evidence of free radical production
during MeOH biotransformation (Skezydlewska et al, 2000: Castro et
al., 2002; Paula et al, 2003), most directly by the isolation of alpha-
{4-pyridyl-1-oxide)-N-tert-butylnitrone {(POBN)-hydroxymethyl
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radical adducts in bile and urine from rats acutely intoxicated with
methanol {(Kadiiska and Maseon, 2000).

S-Hydroxy-2'-deoxyguanosine {8-oxodG) is the most common
ROS-initiated DNA lesion which, if unrepaired, causes post-replicative
mispairing of 8-oxoguanine (8-oxoG) with adenine resulting in G:Cto
AT transversion mutations {(Klaunig and Kamendulis, 2004). A
number of chemical carcinogens induce the formation of 8-oxodG
specifically in their target organs {(Kasai et al, 1987; Hala etal, 1989,
and animals models with decreased base excision repair of oxidatively
damaged DNA have increased susceptibility to some cancers {Russo et
al., 2004). In humans, the gene for B-oxoguanine glycosylase 1
{OGG1), the primary enzyme for repair of 8-oxodG lesions, is located
on chromosome 3p26.2, part of a region of the genome frequently
defeted in several tumor types {Audebert et al., 2000), and there is a
significant association between OGG1 polymorphisms (primarily
S3260) and an increased cancer risk {review:(Goode et al., 2002)).
Low OGGT activity has been associated with an increased risk of
human lung cancer (Paz-Ehzur et al, 2003) and cdigarette smoking
status and hOGGT genotype are interacting determinants of lung
cancer risk {Chang et al, 2009).

The goal of the present study was to determine whether MeOH
produces oxidatively damaged DNA, which could potentially lead to
carcinogenesis, We evaluated this hypothesis in lung, kidney and
tiver from adult male mice, rabbits and primates {cynomolgous
monkeys) for the following reasons: (3) humans and primates pri-
marily use alcohol dehydrogenase (ADH) to metabolise MeOH to
formaldehyde, whereas rodents use catalase {Liesivuori and Savo-
fainen, 1991); rabbits may have enhanced hepatic ADH activity
compared to rodents (Dtani, 1978) and exhibit plasma MeCOH and
formic acid disposition profiles more similar than rodents to those in
primates {Sweeting et al,, 2018}, as well as being more reflective
than mice of human susceptibility to the ROS-initiating teratogen
thalidomide {Parman et al, 1998); (b) the lung is an extrahepatic
tissue with potential for high ROS formation and oxidatively
damaged DNA {Parman et al, 1899), and a potential target organ
for MeOH-initiated proliferative changes (NEDO, 1985b); and, (¢)
the kidney is an organ that does not metabolise MeOH, nor is it an
expected target for MeOH carcinogenesis, but is a target organ for
the renal carcinogen potassium bromate (KBr(3), which as the ROS-
initiating positive control specifically produces 8-oxodG {Kasaietal,
1987). To corroborate the above approach, as the steady state levels
of oxidatively damaged DNA are a balance between the rate of
formation and repair, we examined DNA repair-deficient knockout
{KO) mice lacking oxoguanine glycosylase 1 {OGG1) to assess the
possibility that 8-oxodG formation may be enhanced by MeCOH but is
obscured by rapid DNA repair via the base excision repair pathway.,
There was no evidence for MeDH-initiated oxidatively damaged
DNA in any tissue from any species including Oggt KO miice, despite
enhanced 8-oxodG formation by the positive control KBrQs,
suggesting that MeCH would not initiate cancers in the organs
investigated herein via DNA oxidation.

Materials and methods

Chemicals. HPLC grade MeOH was purchased from EMD Sereno
Canada, Inc, (Mississauga, ON). Saline (0.9 %, sterile) was purchased
from Baxter Corporation {Mississauga, ON). Nudlease Py from Penicillium
citrinum (N863(), deferoxamine mesylate and 2’-deoxyguanosine (dG)
were purchased from Sigma-Aldrich (St Louis, MO). 8-hydroxy-2/-
deoxyguanosine (8-oxodG) was obtained from Cayman Chermical Co,
{Ann Arbor, M), Calf intestine alkaline phosphatase (M0290S) was
purchased from New England Biolabs Inc. (Pickering, ON). DNAzol was
purchased from Molecular Research Center, Inc. {Cincinnati, OH).
Chelex 100 chelating ion exchange resin was obtained from Bio-Rad
Laboratories (Mississauga, ON). KBRO; was purchased from Alfa Aesar

{Ward Hill, MA). All other reagents used were of analytical or HPLC
grade,

Animals and diet.  All animal protocols were approved by the
institutional animal care committee in conformance with the
guidelines established by the Canadian Council on Animal Care.

Mice. Male CD-1 mice were purchased from Charles River Labora-
tories {Saint-Constant, QC) and were between 9 and 13 weeks old at
the time of study. Oggl KO mice were generously provided by Dr,
Tomas Lindahl (Imperial Cancer Research Fund, United Kingdom)
through Dr, Christi A, Walter at the University of Texas Health Science
Center at San Antonio, and were 6 months old at the time of study.
Mice were housed in vented cages from Allentown, Inc. (Allentown,
NJ} with ground corn cob bedding (Bed-0O' Cobs Laboratory Animal
Bedding, The Andersons Industrial Products Group, Maumee, OH).
Animal rooms were climate- and light-controlled {20°C, 50 %
hurnidity, 14 h light-10 h dark cycle), Mice were fed rodent chow
{Harlan Labs: 2018, Harlan Teklad, Montreal, QC) and provided with
water ad libitum.

Rabbits.  Male New Zealand white (NZW) rabbits were purchased
from Charles River Laboratories, At the time of experiments, rabbits
were 5 months old with a weight range of 3.25-3.75 kg, Rabbits were
housed in plastic cages (Allentown, Inc. ) in rooms maintained at 20 °C
and 60% hurnidity, with an automated 12 h light-dark cycle. Rabbits
were fed a diet of standard high-fiber rabbit chow (Lab Diet; 5236
Hi-Fiber, PMI Nutrition International LLC, Brentwood, MO}, and
provided with water ad fihitum.

Primates.  Studies were conducted with male cynomolgus monkeys
{Macaca fascicularis) at Charles River Laboratories {Sparks, NV}, At
the time of experiments, monkeys were between the ages of 3.4-
5.7 years, with a weight range of 2.86-4.8 kg. Monkeys were acclima-
tized to individual stainless steel cages 2 weeks prior to commence-
ment of the study in rooms maintained between 18 and 29 °C, with an
automated 12 h light-dark cycle. Monkeys were fed a certified pri-
mate chow diet {# 5048) from Purina Mills (5. Louis, MG) sup-
plemented with fruit or vegetables 2-3 times weekly, and provided
with water ad libitum,

Dosing and tissue collection,  We studied the effect of a limit dose of
20 g/kg bw MeOH based on guidelines established for the comet
assay developed in accordance with the in vive genetic toxicology
suidelines of the Organization for Economic Co-operation and
Development (OECD) (Tice et al, 2000). Mice were given a single
dose or daily doses for 15 consecutive days of 2.0 g/kg bw MeOH {20%
fw/vi in sterile saline) or saline vehide (controls) between 8:30 am.
and 9:30 am. KBRO; was dissolved with sterilized 0.9% saline, and
KBRO; or its vehicle were given in a fixed volume of 0.1 mi/10 g body
weight at a dese 100 mg/kg bw. Drugs were administered via
intraperitoneal (ip) injection using a 26 gauge {G) 3/8 needle. Mice
were sacrificed by cervical dislocation. Organs were rapidly removed,
flash frozen in liquid nitrogen, and stored at —80°C until time of
analysis. Rabbits were administered a single dose (2 g/kg bw) of
MeOH (20% [w/v] in sterile saline) or its saline vehicle {control) by ip
injection using a 23 G needle. Rabbits were sacrificed by (O,
asphyxiation 6 h post-dose and organs rapidly dissected, and flash
frozen in liquid nitrogen. Tissues were stored at —80°C until time of
analysis. Primates were lightly sedated with ketamine (- 5-10 mg/kg)
immediately prior to treatment and then administered MeOH (2 g/kg
bw; 20% [w/v] in sterile saline) or its saline vehicle by ip injection
using a 22 G needie. Primates were sacrificed 6h post-dose by
pentobarbital overdose, followed by whole body perfusion with
phosphate buffered saline, Organs were rapidly dissected, flash frozen
in liguid nitrogen, and stored at —80°C until use.
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Anadytical methods.  DNA was isolated using DNAzol, a novel
guanidine-detergent lysing solution that hydrolyzes RNA and allows
for the selective precipitation of DNA from cell lysates (Chomezynski
et al., 1847). All buffers and aqueous sclutions were treated with
Chelex 100 to reduce transition metal contamination (Buetiner,
1988). Immediately before use DNAzol was supplemented with 1 mM
deferoxamine to chelate transition metals, and 1T mL DNAzol/50 mg
tissue sample was homogenized on ice using a motorized 5 mi glass-
Teflon Potter-Elvehjem homogenizer. The samples were stored for
10 min at room temperature and then sedimented at 2400g for
10 min. DNA was precipitated from the supernatant using ¢.5mi
ethanol per mL of supernatant. The DNA was sedimented ar 2400g and
washed three times with 75% aqueous ethanol prior to dissolution in
20 mM Na-acetate huffer pH 5.2 containing 0.1 mM deferoxamine,
Diluted DNA sampies were digested for 1h at 37°C with 5 U of
nuclease P1 prepared in 20 mM Na-acetate buffer. The pH was
adjusted to 8.5 with 1 M Tris-HC! buffer and the DNA hydrolyzed to
nucleosides by incubation with 6 U of calf intestine alkaline
phosphatase for 1h at 37 °C. The suspension was transferred to
Amicon YM-10 spin columns and centrifuged at 14,000g for 30 min,
fitter-sterilized and injected for analysis by high-performance liquid
chromatography (HPLC). The HPLC system consisted of a 0.2 pm
mohile phase filter, an isocratic HPLC pump (200 series, Perkin Elmer,
Boston, MA) set at 1.0 mb/min, a pulse dampener (LP-21 LO-Pulse;
Scientific Instruments, Inc, State College, PA), a chilled (4°C)
autosampler (200 series, Perkin Elmer, Boston, MA) with 200 gl
loop and a (4 guard colume {Supelcosit LC 18-T, 20 mm, 5w,
Sigma-Aldrich, 5t Louis, MO) connected t© a (5 reverse-phase
columin {Supelcosil LC 18-T, 250 x 4.6 mm, 5 puny; Sigma-Aldrich, St
Louis, MO)., The &-oxo-d was detected with an electrochemical
detector {Coulochem52004, ESA, Chelmsford, MA) with an analytical
cell (5011, ESA, 5 nA, screen electrode, 100 mV; analytical electrode,
400 mV). AUV detector (200 series, Perkin Elmer, MA)} at 280 nm was
used to detect dG and data were recorded using a NCI 902 dual
detector interface (Perkin Elmer, Boston, MA) The HPLC buffer
consisted of 7.5% methanol, Milli-Q grade water and 50 mM sodium
acetate buffer, pH 5.3, filtered through a 0.2 wm filter {Millipore,
Bedford, MA}. 8-OxeodG and dG were quantified from standard curves
prepared from authentic standards for which the concentrations were
verified by UV spectrometry using a muolar extinction coefficient of
12,300 M~ am ™! at 247 nm for both 4G and 8-oxedG {williamson
et al,, 2003). Genotyping of Oggl mice was performed as previously
described (Wong et al, 2008).

Data analysis.  Statistical analysis was performed using GraphPad
Instat Version 3.05 {GraphPad Software, Inc., San Diego, CA).
Experiments comparing two groups were analyzed by unpaired
Student's ¢ tests and multiple comparisons were analyzed by one-way
ANDVA followed by a Tukey post-test. The level of significance was set
at P<0.05,

Results

No increase in oxidatively damaged DNA was observed in lung, liver
or kidney at 6 h following exposure to MeOH (2.0 g/kg bw ip) in mice,
rabbits or primates {Figs, 1-3). Similarly, no increase in DNA oxidation
was observed in lung, liver, or kidney 24 h following exposure to a single
dose of MeOH (2.0 g/kg bw ip), or following 15 consecutive daily doses
of 2.0 g/kg bw ip MeOH in CD-1 mice (Fgs. 1-4).

No increase in oxidatively damaged DNA was observed in ung,
liver or kidney of wild-type Oggl-normal mice {4/} or homozygous
DNA repair-deficient Ogg? KO mice {—/—) following a single MeOH
{2.0g/kgip. bw) dose at 6 or 24 h post dose (Fig. 53). In contrasg,
oxidatively damaged DNA accumulated in lung, liver and kidney of
Oggl {—/—) DNA repair-deficient KO mice compared to wild-type
{+/+) repair-normal controls. Comparison of Ogg? {+/+) to Oggl

CD-1 Mice |

2

. MeOH

15

14

Oxidative DNA Damage {(fmoles SoxodGlug dG, mean + SEj

B hr

Fig. 1. Oxidatively darnaged DNA is not increased in lung from male CI-1 mice, New
Zealand white rabbits or cynomelgus ronkeys following acute exposure to mmethanol
(2.0 g/kg ip). Animals were treated int {toneally with a single dose of 2.0 g/kg bw
MeOH (20% [w/v]in ie saline) or saline vehicle {controls) and sacrificed at6or24 b
posi-injection. Genomic DNA was isolated and analyzed for oxidatively damaged DNA
damage reflected by the formation of 8-hydroxy-2'-deoxyguanosine (&-oxodG). Values
are mearn - 5E; N =4 for mice and N==3 for rabbit and monkeys, respectively.

12

(—/—1 samples revealed average increases in 8-oxodG levels in Ogg?!
{—/—) mice of 1.7-, 20- and 2.1-fold for lung, liver and kidney,
respectively (Fig. 5). Exposure o the ROS-initiating renal carcinogen
KBRO; (100 mg/kg ip) produced a 2-fold increase in the level of
8-oxodC in renal DNA of Ogg! {—/—) mice (Fig. 6).

Discussion

The carcinogenic potential of MeOH in humans remains uncertain
due to conflicting data in long-term rodent cancer bioassays (NEDQ,
1985a,b; Soffrittd et al, 2002) and a lack of understanding of potentiat
molecular mechanism(s) thar could account for MeOH-initiated
carcinopgenesis,

Oxidatively damaged DNA has been implicated as a causative
factor in carcinogenesis for decades (Ames, 1988). §-0xoG is the most
prevalent promutagenic oxidation product of guanine, yielding G-to-T
transversion mufations that may activate oncogenes or inactivate
turmnour suppressor genes known to be linked to the development of
cancers {Hsu et al, 2004; Klaunig and Kamendulis, 2004), Studies in
genetically modified mice with deficiencies in DNA glycosylases that
protect against G-to-T transversions provide strong evidence of a
causal role for oxidatively damaged DNA in tumourigenesis (Russo
et al, 2004; Xie et al,, 2004; Kinoshita et al, 2007). Dimethylarsinic
acid strongly increases 8-oxodG levels and carcinogenicity in lungs of
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Fig. 2. Oxidatvely damaged DNA is not increased in liver from male CI-1 mice, New
Zealand white rabbits or cynomolgus monkeys following acute exposure 1o methanot
(2.0 g/kg ip). Animals were treated with methano! and tested for oxidatively damaged

INA as described in Fig. 1. Values are mean + SE; N=4 for mice and N=13 for rabbit

and mookeys, respectively.

Ogg? KO mice (Kinoshita et al, 2007). In double mutant mice deficient
for Oggt and Myh, 8-oxodG accuniulates in hung and small intestine,
and these organs have multifold increases in cancer incidence with a
high frequency of occurrence of G-to-T transversion mutations that
activate the K-ras oncogene in the lung cancers {Xie er al, 2004).
Deficiencies in repair of 8-ox0G have also been suggested to be risk
factors for the development of human lung cancer (Paz-Elizur et al.,
2003; Mambo et al,, 2005). Accordingly, the study herein investigated
the hypothesis that free radical-initiated, ROS-mediated oxidative
damage to DNA could be a potential mechanism whereby MeOH
might initiate pulmonary carcinogenesis.

No increase in oxidatively damaged DNA was observed in lung,
fiver or kidney 6 h following the limit dese in any species. Further
analysis in {D-1 mice revealed no effect of MeOH on oxidatively
damaged DNA in lung, liver or kidney 24 b following a single MeOH
2.0 g/kg ip dose, or following 15 consecutive daily doses of 2.0 g/kgip.

To rule out the possibility that the failure of MeOH to cause DNA
oxidation was due to masking by rapid repair of initiated lesions, we
performed further studies in DNA repair-deficient Ogg? KO mice. Our
results in CD-1 mice were corroborated in both wild-type and Oggl
KO mice, in which where there was no effect of MeOH (2.0 g/kg bw)
on the accumulation of oxidatively damaged DNA at either 6 or 24 h
post dose, These observations are in confrast to dimethylarsinic acid, a
known human pulmonary carcinogen, where a 1.7-fold increase in
8-ox0d(G levels was reported in Oggl KO mice {Kinoshita et al,, 2007)
and the renal carcinogen, KBRO; which doubled the levels of 8-oxodG
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in renal DNA of Ogg! KO mice in this study, Importantly, the increases
in basal levels of 8-oxodG in the lung, liver and kidney of Ogg? KO
mice compared to wild-type controls were consistent with the
accumulation of oxidatively damaged DNA occurring through normal
cellular metabolism that would be expected in repair-deficient Ogg?
mice {Kinoshita et al, 2007),

Despite the negative findings herein for enhanced oxidatively
damaged DNA using a limit dose of 2.0 g/kg bw MeOH, a number of
studies have reported the formation of free radicals during MeOH
biotransformation {Skrzvdlewska et al, 2000; Castro et al, 2002;
Paula et al,, 2003). The most direct in vivo evidence was the isolation
of alpha-{4-pyridyl-1-oxide)-N-tert-butylnitrone  (POBN)-hydroxy-
methyl radical adducts in bile and urine from rats acutely intoxicated
with MeOH (4.5 or 7.5 g/kg ip) (Kadiiska and Mason, 2000). This dose
was associated with liver damage determined by elevations in the
liver enzymes alanine aminotransferase and sorbitol dehydrogenase
2 b post dose. In contrast to studies with ethanol (Reinke et al, 1987;
Knecht et al, 1990), there was no evidence of lipid-derived radical
generation in this study with high levels of MeOH exposure (Kadiiska
and Mason, 2000). The mechanism of formation of the hydroxymethyl
radical is not dear, although radical formation was enhanced by the
ADH inhibitor 4-methylpyrazole, but not by the catalase inhibitor 3-
aminotriazole, possibly by increasing the availability of MeOH to free
radical generating pathways. However, 4-methylpyrazole also inhi-
bits catalase-dependent alcohol metabolism by reducing the supply of
H;(, via inhibition of fatty acyt CoA oxidase {Bradford et al., 1983},
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Fig. 4. Oxidatively damaged DNA is not increased in lung, liver and kidney from male
CD-1 mice following chronic exposure to rethanol (2.0 g/kg ip). Mice were given dai
ip injections of 2.0 g/kg bw MeOH (20% [w/v] in sterile saline) or saline vehi de
{controls) for 15 days and sacrificed at 24 h after the final injection. Geno DNA was
isolated and analyzed for oxidatively damaged DNA reflected by the formation of &
hydroxy-2/-ceoxyguanosine (8-oxodG). Values are mean+ SE; N=

and there is controversy in the interpretation of 3-aminotriazole
inhibition experiments {Kamo et al, 1987; Thurman and Handler,
1989),

An additional potential mechanisim of MeCOH-initiated carcinogenesis
not investigated herein is the reaction of the primary metabolite of
MeOH, formaldehyde, with DNA. Formaldehyde is a known carcinogen
that causes nasopharyngeal cancer in humans and sgamous cell
carcinomas of the respiratory epithelium of rats and mice (Kerns et al,
1983, 1ARC, 2006). Formaldehyde has not been detected in tissues or
body fluids following toxic methanso! exposures {Tephly, 1991), and is
rapidly cleared from the bloodstream following intravenous infusion
with a half-life between 1 and 1.5 min that is associated with a
corresponding increase in blood formate levels (Malomy et al, 1965;
McMartin et al, 1978). In a preliminary report, exposure of Sprague—
Dawley rats with methanol (20,000 ppm) or formaldehyde (1,500 ppim)
in the drinking water for 7 days failed to increase the basal levels of the
major formaldehyde-DNA adduct NS-hydroxymethyldeoxyadenosine
(N°-HOMe-dAdo) in leukocyte or hepatocyte DNA (Wang et al, 2008).
Formaldehyde is an essential metabolic intermediate in all living celfs and
is endogenously produced from amino acid metabolism with the
endogenous concentration of formaldehyde in the blood of human
subijects estimated to be about 8.1 mM (IARC, 2006). A recent inhalation
study using radiolabeled formaldehyde exposures at a dose of 10 ppm
indicated that exogenous formaldehyde DNA adducts were observed
only in nasal DNA, and that the exogenous adduct levels did not exceed
the levels of endogenous formaldehyde DNA adducts, suggesting that
mechanism{s) in addition to DNA adduct formation are involved in
formaldehyde-dependent nasalpharyngeal cancer (Lu et al, 2010).
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Acetaldehyde, the primary metabolite of ethanol, has been linked
to the formation of esophageal cancers in patients with inherited
deficiency in the enzyme aldehyde dehydrogenase 2 (ALDH2) (Brooks
et al,, 2008). The ALDH2-deficiency is not likely to strongly impact
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formaldehyde disposition as early biochemical studies indicated the
Km for formaldehyde of the cytosolic GSH-dependent formaldehyde
dehydrogenase is an order of magnitude lower than that of
mitochondrial aldehyde dehydrogenases {Cinti et al, 1976; Dicker
and Cederbaum, 1984; Dicker and Cederbaum, 1986).

Despite numerous reports of MeOH-initiated free radical forma-
tion following high-dose exposures in rodents, the significance of
these findings to low-dose environmental exposures {Kavet and
MNauss, 1990) in humans remains questionable, The results presented
herein suggest that even at limit dose exposure levels, MeOH does not
produce oxidatively damaged DNA in lung, liver or kidney, which is
consistent with other studies that found no genotoxic effects with
MeOH (IPCS, 1997).

In summary, in vivo exposure to methanol at a dose of 2.0 g/kg bw
did not increase the levels of the mutagenic DNA lesion 8-oxodG in
tung, liver or kidney in any species, This lack of effect for MeOH does
not appear to be due to masking by repair of the lesion, as no increase
was observed in 8-oxoG repair-deficient Ogg! KO mice. In contrast,
exposure to the renal carcinogen KBR(O; increased renal 8-oxodG
tevels in Oggl KO mice, and 8-oxodG accumulated with age in lung,
tiver and kidney of Ogg? KO mice, Taken together these observations
suggest that it is unlikely that exposure to MeOH would initiate
carcinogenicity in these organs via formation of mutagenic oxidatively
damaged DNA
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